There is evidence that the cognitive effects of Alzheimer's disease can be seen decades before disease diagnosis. If this is the case, then the apolipoprotein E (APOE) * E4 allele might be expected to have effects on cognitive functioning earlier in the life span. To assess such effects, the authors examined data on the * E4 allele and cognitive functioning from a population sample of 6,560 Caucasians covering the age groups of 20 -24, 40 -44, and 60 -64 years. Participants were assessed on tests of episodic memory, working memory, mental speed, reaction time, and reading vocabulary. Although performance on all tests except reading vocabulary declined across age groups, there was no effect of the APOE * E4 allele at any age. These results indicate that APOE * E4 does not have preclinical effects early in the life span on these cognitive functions. Cognitive aging effects between the ages of 20 and 64 years must not be due to preclinical Alzheimer's disease.
There is evidence from several prospective studies that Alzheimer's disease (AD) has a very long preclinical phase, with cognitive differences evident decades before the disease can be diagnosed. In the first study of this type, La Rue and Jarvik (1987) followed a sample of aging twins. Those who were diagnosed with dementia at a mean age of 85 years were found to have poorer performance 20 years earlier on a range of tests covering verbal and nonverbal abilities. Although specific dementia-related diseases were not diagnosed, it is likely that the majority of participants with dementia had AD. Similar findings emerged from a 22-year follow-up of the Framingham cohort at 65-94 years of age (Elias et al., 2000) . Those who developed AD were found to have poorer performance at baseline on tests of verbal episodic memory and abstract reasoning.
Although these studies show preclinical effects in middle age, there is also evidence that cognitive differences exist even earlier in adulthood. Snowdon et al. (1996) examined whether language ability in early adulthood predicted AD in late life. They studied a group of 93 nuns who were 75-95 years of age, 14 of whom had neuropathologically confirmed AD. Language ability was assessed retrospectively by analyzing autobiographies the nuns had written at a mean age of 22 years. Those who later developed AD were found to have a lower density of ideas in their autobiographies written almost 60 years previously. Consistent with the evidence on early cognitive effects of AD, there is neuropathological evidence that amyloid deposits and neurofibrillary changes occur in middle-aged adults (Braak & Braak, 1997) . However, preclinical AD may not be the only factor in these early cognitive differences. Whalley et al. (2000) have reported that persons diagnosed with late-onset dementia had lower mean scores on a test of general cognitive ability administered at 11 years of age. Such childhood differences are unlikely to represent preclinical AD. It is more probable that higher cognitive ability protects against dementia either through associated lifestyle factors or because a greater initial cognitive reserve allows for compensation against disease-related losses.
Taking all the evidence together, one can conclude that people who develop AD show cognitive differences many decades before the onset of the disease. However, the cause of these differences is not established. There are possible roles for preclinical disease, protective effects of cognitive reserve, and lifestyle factors associated with cognitive ability that affect risk for AD.
Given that these early differences exist, which cognitive functions are most affected ? Bäckman, Jones, Berger, Laukka, and Small (2005) carried out a meta-analysis of studies that assessed cognitive functioning in a sample without dementia and then followed the sample to see who developed AD and who did not. Looking at various kinds of cognitive tests, they found the largest effect sizes (Ͼ1 standard deviation unit) for tests of global cognitive functioning, episodic memory, speed, and executive functioning. Tests of verbal ability, attention, and spatial ability were also found to discriminate. The only domain that did not discriminate was short-term memory, which included digit span. The pattern of results was similar for studies with longer as opposed to shorter follow-ups.
If there are very early preclinical effects of AD, then it would be expected that risk factors for AD would be related to cognitive functioning earlier in the life span. One of the most consistently replicated risk factors for AD is the apolipoprotein E (APOE) genotype. The *E4 allele is known to increase risk for AD and the *E2 allele to decrease risk (Farrer et al., 1997; Rubinzstein & Easton, 1999) . Furthermore, the *E4 allele increases risk for ischemic cerebrovascular disease (McCarron, Delong, & Alberts, 1999) , which may also contribute to age-related cognitive deficits. The *E4 allele has also been reported to be more frequent in cases of mild cognitive impairment, which fall short of satisfying diagnostic criteria for dementia (Collie & Maruff, 2002) . It might therefore be expected that the APOE genotype would be related to cognitive functioning in persons without dementia and that this association would become more apparent with age as the risk of preclinical AD increases.
A number of previous studies have looked for associations of the APOE genotype with cognitive functioning in samples without dementia. Anstey and Christensen (2000) have reviewed the evidence from longitudinal studies of cognitive change in older individuals. They found fairly consistent evidence that the *E4 allele predicts decline in memory and processing speed but not in crystallized or fluid abilities. However, the results are complicated by the fact that some people who were included in these studies later developed dementia, whereas other studies excluded them.
There are fewer studies looking at the effect of the APOE genotype on cognitive functioning in young and middle-aged adults. The *E4 allele does not appear to be related to lower scores on intelligence tests in either children (Deary et al., 2002) or adults who are in their 20s (Yu, Lin, Chen, Hong, & Tsai, 2000) . Given that episodic memory is affected early in AD, it might be expected that APOE genotype would affect memory tasks earlier in life. However, the evidence from middle-aged samples is largely negative. Flory, Manuck, Ferrell, Ryan, and Muldoon (2000) found that, in a healthy community sample of adults with a mean age of 46 years, the *E4 allele was associated with poorer episodic memory performance. However, negative results on episodic memory tasks have been reported in several other studies (Caselli et al., 1999; R. M. Cohen, Small, Lalonde, Friz, & Sunderland, 2001; Greenwood, Sunderland, Friz, & Parasuraman, 2000; Nilsson, Nyberg, & Bäckman, 2002; Rosen, Bergeson, Putnam, Harwell, & Sunderland, 2002) .
More promising results have emerged from studies of divided attention. Rosen et al. (2002) found that middle-aged individuals carrying the *E4 allele performed worse on a working memory task requiring divided attention. Similarly, Greenwood et al. (2000) found middle-aged carriers to have deficits in components of visuospatial attention. In both of these studies, *E4 carriers did not exhibit episodic memory deficits. A possible reason for the negative results in many of the studies of episodic memory in middle age is small sample size, particularly with *E4 homozygotes. Most of these studies involved 50 or fewer *E4 carriers and would only be able to detect medium-to-large effect sizes (J. Cohen, 1992) .
Two factors thought to interact with the APOE genotype and cognitive performance are head trauma and alcohol consumption.
Studies of patients after traumatic brain injury have shown that APOE *E4 is associated with poorer performance on memory measures (Crawford et al., 2002) , poorer general neuropsychological test performance 3 weeks after traumatic brain injury (Liberman, Stewart, Wesnes, & Troncoso, 2002) , longer periods of coma (Friedman et al., 1999) , and late traumatic seizures (Diaz-Arrastia et al., 2003) . However, all these studies involved small clinical samples, and it is still unclear whether an interaction between APOE and head trauma is evident at the population level. Several studies indicate that there may be an interaction of alcohol consumption with APOE in relation to cognition and dementia, but the results are mixed. A recent case-control study of 373 patients with dementia and 373 controls found that heavy drinking was associated with increased risk of dementia associated with APOE *E4 (Mukamal et al., 2003) . By contrast, another case-control study of 758 outpatients and 557 controls found that the association between alcohol consumption and AD was not affected by APOE genotype (Tanaka, Asada, Kinoshita, Yamashita, & Uno, 2002) . However, a recent prospective study of 589 war veterans found that APOE *E4 increased both the protective effect of light drinking and the harmful effect of heavy drinking on cognitive performance (Carmelli, Swan, Reed, Schellenberg, & Christian, 1999) . Another prospective study of older people found that drinking was associated with an increased risk of cognitive decline in *E4 carriers but with a decreased risk in noncarriers (Dufouil et al., 2000) . There are no data available on the interactive effects of APOE *E4 and alcohol consumption on cognitive performance in population-based samples of young or middle-aged adults.
In the present article, we report data from a very large community sample grouped according to the following ages: 20 -24, 40 -44, and 60 -64 years of age. This sample is large enough to detect small effect sizes and involves considerable numbers of homozygotes. The study included tests of episodic memory and speed of the sort that Bäckman et al. (2005) found were affected in preclinical AD. Given that AD neuropathology increases with age, we predicted an Age ϫ Genotype interaction, with cognitive deficits becoming more apparent in *E4 carriers as age increased. The study also looked for interaction effects involving history of head trauma and of alcohol abuse.
Method

Participants
The sample came from the PATH Through Life Project (Jorm, Anstey, Christensen, & Rodgers, 2004) , a large community survey concerned with the health and well-being of people who are 20 -24, 40 -44, and 60 -64 years of age and who live in the city of Canberra, Australia, or in the neighboring town of Queanbeyan. Each cohort is to be followed up every 4 years over a total period of 20 years. Results presented here concern the first-wave interviews with 20-to 24-year-olds (conducted in 1999 -2000) , 40-to 44-year-olds (conducted in 2000 -2001) , and 60-to 64-year-olds (conducted in 2001-2002) . Participants had to be in their respective age group on the January 1 of either 1999 (for 20-to 24-yearolds), 2000 (for 40-to 44-year-olds), or 2001 (for 60-to 64-yearolds). The sampling frames were the Electoral Rolls for Canberra and Queanbeyan. Registration on the electoral roll is compulsory for Australian citizens. Because the Australian Electoral Commission would only release decade age ranges for research purposes, we wrote to 12,414 persons recorded as being 20 -29 years of age on the electoral roll and asked for participation from those who were 20 -24 years of age.
Of these individuals, 5,058 were found to be out of the required age range, 1,061 were known to have moved out of the area, 2,190 could not be found, 1,701 refused, and 2,404 were interviewed. The participation rate of those who were located and were in the required age range was 58.6%. Similarly, for the 40-to 44-yearolds, 9,033 persons were sent letters, 4,222 were out of the required age range, 280 had moved, 612 could not be found, 1,389 refused, and 2,530 were interviewed (64.6% of those found and in age range). For the 60-to 64-year-olds, there was a change to the law allowing the Australian Electoral Commission to release more specific age group information. Letters were sent to 4,832 persons, 34 were out of the required age range, 182 had moved, 28 were dead, 209 could not be found, 1,827 refused or their English was too poor to allow an interview, and 2,551 were interviewed (58.3% of those found and in age range). The gender breakdown of the sample was 1,163 men and 1,241 women at ages 20 -24, 1,193 men and 1,337 women at ages 40 -44, and 1,319 men and 1,232 women at ages 60 -64.
Survey Procedure
Persons selected at random from the electoral roll were sent a letter informing them of the survey and saying that an interviewer would contact them soon to see if they wanted to participate. If a person agreed to participate, the interviewer arranged to meet them at some convenient location, usually the participant's home or the Centre for Mental Health Research at the Australian National University. Most of the interview was self-completed on a Hewlett-Packard 620LX palmtop personal computer using the Surveycraft software for computer-assisted personal interviewing (SPSS, 2006) . However, testing by the interviewer was required for the physical tests, for some of the cognitive tests, and for a cheek swab from which DNA could be extracted. The components of the interview relevant to the present article are described in the following sections.
Ethics Approval
Ethics approval was obtained from the Australian National University's Human Research Ethics Committee.
Cognitive Tests
Reading vocabulary was assessed with the Spot-the-Word Test Version A, which asks participants to choose the real words from 60 pairs of words and nonsense words (Baddeley, Emslie, & Nimmo-Smith, 1992) . Working memory was assessed with the Digits Backwards subtest of the Wechsler Memory Scale (Wechsler, 1945) , which presents participants with series of digits at the rate of one per second and asks them to repeat the digits backwards. Mental speed was measured with the Symbol-Digit Modalities Test, which asks the participant to substitute as many digits for symbols as possible in 90 s (A. Smith, 1982) . Immediate and delayed recall were assessed with the first trial of the California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 1987) , which involves recalling a list of 16 nouns. The interval between immediate and delayed recall was occupied by a test of grip strength. To measure reaction time (RT), we had participants hold a small box with both hands; they could use the index fingers to depress the left and right buttons on the top of the box. The front of the box had three lights: one red stimulus light under both the left and right buttons and a green "get ready" light in the middle beneath. There were four blocks of 20 trials measuring simple RT, followed by two blocks of 20 trials measuring choice RT. Means for simple and choice RT were calculated after removing outliers, as described by Jorm et al. (2004) .
Data on long-term stability of most of these tests were available from a 4-year follow-up of 1,497 of the 20-to 24-year-old participants. These follow-up data came from the second wave of the PATH Through Life Project, which is currently incomplete. The correlations across 4 years were as follows: .75 for Spot-the-Word, .62 for Digits Backwards, .74 for Symbol-Digit Modalities, .50 for immediate recall, and .55 for delayed recall. Data are presently not available for the stability of RT. However, the correlation between simple and choice RT at the initial interview was .67 for the whole sample.
Individuals in the 60-to 64-year-old cohort were also given the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) and the Purdue Pegboard (both hands; Tiffin & Asher, 1948) . Participants in this cohort were suspected of possible dementia if they fulfilled one or more of the following criteria: (a) scored 25 or below on the Mini-Mental State Examination, (b) were below the 5th percentile on the immediate or delayed recall of the California Verbal Learning Test, or (c) performed below the 5th percentile on two or more of the following tests: RT, Purdue Pegboard, or Symbol-Digit Modalities.
Assessment of Head Trauma and Alcohol Consumption
Experience of head trauma was determined by a question asking respondents whether they had ever had a serious head injury that had caused them to become unconscious for more than 15 min. The analyses focused on those who could respond with certainty about such previous experience. Around 4.0% of respondents were uncertain about prior experience of a serious head injury (likely due to lack of clarity about their duration of unconsciousness) and were excluded from analysis involving the head injury measure. A further 28 respondents had missing data to this item (0.4%) and were therefore excluded from these head injury analyses.
The survey included three items measuring current alcohol consumption from the Alcohol Use Disorders Identification Test (Saunders, Aasland, Babor, de la Fuente, & Grant, 1993) . Respondents with hazardous or harmful levels of drinking (over 28 standard drinks per week for men and over 14 standard drinks per week for women, with upward adjustment of estimated drinking level to take binge drinking into account; National Health and Medical Research Council, 2001) were identified. There were 37 respondents (0.5%) with missing data (or implausible combinations of responses) who were excluded from the analyses. Questions included in the survey that assessed previous highest sustained drinking levels enabled a similar classification of individuals with previous hazardous or harmful levels of alcohol consumption (this classification did not take account of previous binge drinking as this aspect of previous consumption was not assessed). There were 59 respondents with missing data that pre-vented the calculation of previous drinking levels and who were therefore excluded from analysis (0.8%).
Genotyping
Genomic DNA was extracted from buccal swabs using QIAGEN DNA Blood kits (#51162; QIAGEN, Hilden, Germany). To determine the APOE genotype (APOE *E2, APOE *E3, APOE *E4 alleles), we genotyped two single-nucleotide polymorphisms (SNPs; NCBI SNPs rs429358 and rs7412) using TaqMan assays (Applied Biosystems [ABI], Foster City, CA).
DNA (1l) was added to each well of a 384-well clear optical reaction plates (ABI #4309849) using a liquid handling robot and was dried down at 60°C for 30 min. These plates were then stored at Ϫ20°C until required.
Two separate TaqMan assays were performed: one for SNP rs429358 and the other for SNP rs7412. Each APOE TaqMan assay contained 2.0 l of TaqMan 2ϫ universal polymerase chain reaction (PCR) master mix (ABI #4304437), 0.0625 l of the appropriate 80ϫ assay mix containing the SNP-specific primers and probes (TaqMan genotyping assays), and H 2 O to a total volume of 5 l. A liquid-handling robot dispensed this mix into each well containing the dried-down DNA. Plates were then sealed with optical adhesive covers (ABI #4311971), spun briefly (4,000 rpm for 2 min), and placed into an 7900HT real-time PCR machine (ABI). The cycling program was as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. Allelic discrimination was automated using the manufacturer's software (Applied Biosystems, 2004) .
Positive controls, consisting of DNA of each of the six possible APOE genotypes (*E2/*E2, *E2/*E3, *E2/*E4, *E3/*E3, *E3/ *E4, *E4/*E4), were included on each genotyping plate. These six controls were genotyped using an alternative genotyping method. In this method, a fragment of the APOE gene was amplified using PCR and then digested with the restriction endonuclease Cfo1 (Hixson & Vernier, 1990) . The resulting digested products were resolved on an agarose gel, and the APOE genotypes were deduced from the observed combinations of different-sized fragments. Genotype scorers were blinded to the identity of the samples.
Analyses
There was one extreme outlier in the latency data from the two RT tasks whose data were excluded from the analysis. Because there are ethnic differences in the frequency of APOE genotypes, only data from participants who described themselves as "Caucasian/White" were used (N ϭ 6,560). Associations of APOE genotype and age group with cognitive performance were assessed with a series of two-factor analyses of variance. These analyses were repeated when those who were suspected of possible dementia (n ϭ 165) were excluded.
The possibility of associations between the environmental factors examined in this study (experience of head injury, current hazardous or harmful alcohol consumption, previous hazardous or harmful alcohol consumption) and the APOE genotype on the various measures of cognitive performance was assessed by a series of four-factor analyses of variance. The factors were experience of the environmental hazard, age group, *E4 carrier status, and gender (included in the analysis given significant gender differences in the prevalence of these environmental factors). Although the sample was very large, some of the cells created by the combination of these factors were very small or empty, particularly those representing the combination of homozygotic *E4 and positive exposure to the relatively uncommon environmental hazards. As such, the *E4 carrier status variable examined in these analyses contrasted * E4 carriers with noncarriers, combining homozygotic and heterozygotic *E4 carriers. An alpha of .05 was used for all analyses, but exact probability values are reported.
Results
APOE genotyping results were available for 99.9% of the provided DNA samples. The validity of the genotyping is indicated by the concordance of the allele frequency distribution with HardyWeinberg equilibrium for each of the two SNPs: rs429358, 2 (1, N ϭ 6,560) ϭ 0.23, p Ͼ .25, and rs7412, 2 (1, N ϭ 6,560) ϭ 1.09, p Ͼ .25. In addition, the frequency of the APOE alleles for Caucasians are consistent with previously published studies of Caucasians (e.g., Farrer et al., 1997; Henderson et al., 1995; Martins et al., 1995) . Furthermore, the six positive controls were consistently called correctly across all of the genotyped sample. The observed genotype frequencies are shown in Table 1 . There were no significant genotype differences across the three age groups, 2 (4, N ϭ 6,560) ϭ 3.29, p ϭ .51. The means and standard deviations on the cognitive tests according to genotype and age group are shown in Table 2 . Participant numbers vary slightly because of missing data. Analyses of variance with the factors of age group and genotype showed significant effects of age group on all tests, with the 60-to 64-year-olds showing the worst performance on all tests except for Spot-the-Word. On Spot-the-Word, this age group had the best performance. No effects of the APOE genotype and no Age ϫ Genotype interactions were observed. When the analyses were performed after elimination of any individuals suspected of possible dementia (n ϭ 165 from the 60 -64 age group), the results did not change. The remaining analyses considered the interaction between environmental factors and the APOE genotype on the various measures of cognitive performance. Given the hypotheses tested here, we do not report on main or interaction effects that do not include *E4 carrier status. However, it is important to note that the main effect of head injury and hazardous or harmful alcohol consumption were significant for several of the cognitive measures, supporting the validity and robustness of the operationalization of these constructs.
The analyses involving the head trauma variable showed no main effect of * E4 carrier status for any of the cognitive outcome measures, confirming the simple analyses. Only 2 of the 77 twoway, three-way, and four-way interactions involving the * E4 carrier variable were significant. For the delayed recall measure, the interactions between *E4 carrier status and age, F(2, 6267) ϭ 3.30, MSE ϭ 5.69, p ϭ .037, and *E4 carrier status, age, and head injury status, F(2, 6267) ϭ 3.48, MSE ϭ 5.69, p ϭ .031, were significant. The pattern of results was contrary to expectations. The two-way interaction reflected that only in the youngest age group did * E4 carriers show poorer delayed recall than noncarriers. The threeway interaction was due to the fact that * E4 carriers who reported head injury showed poorest performance on the delayed recall task within the youngest group but not within the other two age groups (in fact, the group representing *E4 carriers who reported head injury demonstrated the highest mean scores in the 40 -44 year age group).
For the analyses examining current alcohol consumption, only the interaction between currently drinking status (hazardous or * E4 carriers with lesser levels of current alcohol consumption. In contrast, the effect of alcohol consumption on the performance of noncarriers was in the opposite direction, with those consuming alcohol at hazardous or harmful levels showing superior performance to others. Neither the main effect of carrier status nor any higher order interaction involving carrier status was significant at the p Ͻ .05 level. Finally, the analysis of previous highest levels of alcohol consumption found no significant main effects or interactions involving * E4 carrier status for any of the cognitive outcome measures.
A power analysis was carried out with nQuery Advisor (Statistical Solutions, 2000) . Using a two-tailed alpha of .05 and a small effect size of 0.2 standard deviation units (J. Cohen, 1992) , we found that there was 99% power to detect a difference between *E4 allele carriers and noncarriers for the whole sample and 98% power for a single age cohort. When homozygotes were compared with noncarriers, there was 68% power for the whole sample and 28% power for a single age cohort. A power analysis was also carried out for the effects of APOE * E4 in subgroups that had a history of head trauma or of hazardous or harmful alcohol consumption. Because of the complexity of doing a power analysis for two-and three-way interaction effects, the power analysis was simplified by separately considering the subgroups exposed to these insults. Taking the head trauma group separately, there was 38% power to detect an effect of being an *E4 carrier. For the subgroup with a history of hazardous or harmful alcohol consumption, the power was 92%, whereas for those with current hazardous or harmful consumption, it was 44%.
Discussion
All but one of the cognitive tests examined in the present study revealed lower performance in the oldest age group, which shows that the tests are sensitive to aging effects. It would be expected that if preclinical AD were involved in these age group differences, then there should be an effect of APOE genotype. However, we failed to find any effect of APOE genotype or any Age ϫ Genotype interaction. The most likely reason for these negative findings is that cognitive aging effects observed between 20 and 60 years of age are not due to preclinical AD. The mechanisms by which APOE alters risk for AD are not fully understood, but it has been proposed to affect amyloid metabolism, neurite extension, tau phosphorylation, neuronal survival, and cerebrovascular changes (J. D. Smith, 2002) . Such processes may underlie AD but not normal cognitive aging. There may be other processes responsible for the age group differences found in the present study and reported in many previous cross-sectional and longitudinal studies. AD processes may occur later in the life span and add to normal cognitive aging to produce a dementia syndrome, and consequently, APOE effects would only be found in old age.
Although some significant interactions were found between APOE status and hazardous or harmful alcohol consumption or head trauma, the number of significant effects is around the level expected under the null hypothesis. Furthermore, the significant effects showed little consistency across cognitive tests.
Several possible explanations for these negative findings must be considered. One explanation might be a lack of sensitivity of the cognitive tests. However, we were able to show that the tests had age group differences and were affected by head trauma and hazardous or harmful alcohol consumption, so there is no general lack of sensitivity. It is also possible that the tests are sensitive but do not tap the cognitive functions that are affected by APOE *E4. Although changes in episodic memory functioning are one of earliest effects of AD, noneffects of APOE have been reported from normal middle-aged samples. More promising results have been seen for divided attention tasks, which were not used in the present study (Greenwood et al., 2000; Rosen et al., 2002) .
A final possibility is that the effect of APOE genotype was too small to be detected in the present study, even though the study is the largest of its type. A power analysis showed excellent power (Ն98%) to detect small differences (0.2 standard deviation units) between *E4 carriers and noncarriers, even within a single age cohort. Power was also satisfactory (68%) for detecting small differences between *E4 homozygotes and noncarriers in the whole sample, but it was low for detecting such differences in a single age group. Power was also excellent for detecting effects of the *E4 allele in the subgroup with a history of hazardous or harmful alcohol use (92%), but it was weaker for detecting an effect in those with a history of head trauma (38%). However, because the number of *E4 homozygotes was too small in these subgroups, we cannot dismiss the possibility that there is a small effect of one of these brain insults on homozygotes. For the planning of future studies on this issue, detecting a difference of 0.2 standard deviation units between *E4 homozygotes and noncarriers would require a total sample of approximately 8,000 persons (assuming the same allele frequency as the present study, Type I error rate of .05, two-tailed test, and 80% power). Detecting this difference between *E4 carriers and noncarriers would require approximately 1,000 participants. These same numbers would be required for subgroups of the population, such as those with a history of head trauma or heavy alcohol consumption.
The study has a number of potential weaknesses that must be acknowledged. First, the data were cross-sectional and did not include older age groups in which AD risk is highest. However, because the PATH Through Life Project is designed as a 20-year longitudinal study, such data will eventually become available. Second, there may have been biases in the sample due to the refusal rate. Comparing the sociodemographic characteristics of the sample with census information indicates that the sample is better educated than the population from which it is drawn. It is therefore likely that the refusers tended to have lower cognitive functioning. For the APOE genotype, there is unlikely to be any bias because the APOE allele frequencies were very close to other samples from comparable populations and did not differ across age groups. For the variables of head trauma and alcohol consumption, we have no way of knowing whether there was any bias. Despite these potential weaknesses, the study has considerable strengths given its large population sample and the inclusion of three age groups covering young, middle, and advanced adulthood.
